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VI. - STMEPT-TCCNG HEAVY-EOMBER COTXFFIGWTION WiTE STORES 

O F  DIFFERE3lT SIZES AND SIfAPES 

By ITormul F. Smith 

A supersonic  wh&-tunnel  fnvestlgation of the  orig5n and distribu- 
t ion of store  interference  has been  performed in  the Langley 4- by 4-foot 
supersonic  pressure t m e l  a t  a Mach nmber of 1.61 in  which separate 
forces on a store,  a  exelage, a swept wing, mid a  swegt-vwg-fuselage 
combinetion were neaslxed. The store was segarately  sthg-mom-led on 
its own six-cmponent  internal  balarce and vas  traversed through .= wide 
systematic  range of spenwise,  chordwise, and vertical  positions. This 
report  preseats  dzta 0x1 e. con?iguration which simulzted 8 heavy-bomber 
skrqlane  with  stores of several shapes and sizes. 

1 

h Tne drag of the vmious  stores in the  presence of the wing-fuselage 
combinztion is  e q l a h e d  Z n  e, qualitative way by  buoyancy consiaerations, 
thzt is, by consideration of the  position of %he nose and afterbody  por- 
tions of the  store in the flow (pressure)  field of the  vim!-fuselage com- 
bi-na-lion. The drag of the wing-fuselage  corrbimtion i-n the flow f i e l d  
or" the  vsrious  stores  zppears t o  be s imi lu ly  explained by buoymcy 
considerations. 

Tne total   drag of t h e  coznplete (wing-fuselage-store) com?igLLration 
w L t h  the small ogive-cylinder or the  large  perabolic store vas lower than 
with  the  large  ogive-cylinder  store  for any giver- store position. Th.e 
effect  of store  position, however, remainedvery  laxge f o r  a l l  stores; 
consecpently,  the dreg of the corCigU-ratiorJ. wikh a small store in  en 
unfavorable  locztion h memy cases exceeded the drag of the col?figuratTon 
with .= l a r g e  store in a favorable  location. 

Or" the  stores  Tnvestigated, %he smll store md the  finned  store 
encountered larger peak vzlues of lift, side  force, and drag  coefffcients 
m d  steeper  vmirtions of these  coefficierrts  with changes in  store  position. 

nore  conpletely s-abmerge& i n  regions in which the  ir-terference force was 
In one direction. 

-1 

Ct ThIs is a consequence of the  ?act  that  the s m d l  s tore or the f i n s  were 
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INFRODUCTION 

Ref'erences 1 and 2 present  the  results of an experimental  investiga- 
t ion  of  stores  interference on a simulated heavy-bomber configuration at 
14 = 1.6. The store investigated simulated a twin-engine  (equivalent 
frontal  area)  nacelle ( w i t h  no provision  for  internal flow) o r  a very 
large  external s tore .  Individual  forces and moments were measured on 
the store (6  components) and on the  fuselage, wing, and wing-fuselage 
combination (4 comoonents). A spanwise range of store  nidpoint  positions 
larger  than  the wing semispan apld a chordwise range of positions  nemly 
e q u l  t o  the f-aselage length were investigated. 

The ?resent  report covers 811 investigation of the same swept-wing 
heavy-bomber  model with  stores of several  sizes and shapes and with a 
large  store v i t h  f ins.  A range of chordwise store  positions somewhat 
smaller then tha t  covered in   the  work of references 1 and 2 was util ized. 
The results  are cozpared wit'n the  nore  extensive data on the  large  ogive- 
cylinder store from references 1 and 2. 

drag  coefficient of  wing-fuselage combination, Drag/qS 

lift coefficient of wing-fuselage  combination, Lift/qS 

pitching-nornent coefficient of wing-fuselage  combination 
(measured about E/4), Pitching norzent/qSs1 

drag  coefficient of store, Drag/qF 

base drag coefficient of store,   -PB~ F A 
* 

lift coefficient of store,  Lift/qF 

pitchi-ng-moment coefficient of s tore  (xeasured  about store nose, 
positive when nose is  up), Pitching moment/qF2 

side-force  coefficient of store  (positive to the  r ight,  toward 
the  fuselage f o r  semispan rtlodel used),  Side  force/qF 

0- 

E 
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CfiS pving-monent coefricient of store  (posit ive to the  rLght), 

CDt t o t d  drag  coefficiedt  of complete (wing-fuselage-store) con- 

s Yawing nonent/qFz 

figuration based on wirs mea, CQ? + CD~I?/S - 

CQ t o t a l  l i f t  coefTicient of complete (wing-fusehge-store) con- 
figuration based on  wing area, C w  + CLsF/S 

C 
- 

mean aerodynamic chord of dng, 6.58 in. 

A mea of s tore  base, sq f-L 

S t o t a l  mea of wing semispan, 0.5 sq f t  

F m a x i m u m  Trontal  area of  store, sq f% 

a_ d-ynamic pressure,  Ib/sq f t  

PBS pressure  coefficient 00 store  base, 
P - Po 

a-0 

b/2 wing semispul, 12 in. 
I 

2 store  length,  in. 

c. X chordwi-se sosi t ion of s tore  midpoint, meas-area from ruselage 
nose, in .  (See f ig .  I) 

Y spmwise position of s tore  ce&er l ine,  ueasured from fuselage 
center  llne, in. 

4 

2 vertical   posit ion of  store  center  l ine,  measured Prom wine; chord 
plme,  posit ive downward, in. 

a aEgle of attack, deg 

Subscripts : 

wf wing-fuselage  combination 

6 store  -- 
t to t a l ,   f o r  complete wing-fuselage-store  configuretion 
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APPAFUTUS ANI) TESTS 
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The general arrangement of the  test   setup is shown in  f igure 1. 
Figure  2 is a photogrEph of the models ( w i t h  lmge  ogive-cylinder  store 
shown) and support  plate.  Figure 3 is a photograph of the  various  stores 
investigated. The f ins  f o r  the  large  ogive-cylinder  store  are  detailed 
on figure 4. Complete dimensions of the models are  given in  f igures 1 
and 4 and table I. A detailed  description of the models  and support 
equipment and a discussion of  support  interference  are  given in refer- 
ence 1. The wing-fuselage  combination was the same one used in   the   t es t s  
of references 1 and 2 and simulated a swept-wing  heavy-bomber type a i r -  
plane. The large  stores were sized  to a frontal  area equivalent t o  a 
twin-engine nacelle  or a large  store, while the small store was sized to 
e frontal  are= equivalent  to  a  single-engine  nacelle o r  a smaller store. 

The ogive-cylinder  store (fig. 3), because of its extensive use i n  
this research program (notably  refs. 1 and 2), is ut i l ized as a basic  or 
reference  configuratioll w i t h  which comparisons axe made.  The cylindrical- 
afterbody  store  utilized  the forward half of the  ogive-cylinder  store,  but 
employed a cylindrical  afterbody  in  place of the  original  ogive  afterbody. 
This  store w a s  designed and tested  to  aid  in  the  separation of interfer-  
ence effects on the nose and afterbody  portions of the  store. The finned 
store was formed by adding four  f ins  (f ig.  4) to  the  ogive-cylinder  store. 
(Fins were oriented at $5' for  a l l  tests.) The small ogive-cylinder  store 
(fig.  3) is geometrically similar t o  the  large one, but is 8.8 inches i n  
length. The parzbolic  store is of the same diameter as the  (large)  ogive 
cylinder,  but w a s  designed w i t h  a parabolic contour and has no cylindrical 
center  section. The fineness  ratios of the nose and afterbody of t h i s  
store  are  therefore  higher  than  those of the others in the  series  (see 
table I) although  the  overall  fineness  ratio remained the same as  the 
basic  ogive-cylinder  store. 

r- 
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The parabolic, small ogive-cylinder  store and large  ogive-cylinder 
store with cylindrical af'terbody were tes ted  a t   three chordwise positions, 
x = 24, 27, and 30 inches, through the range of spanwfse and vertical  posi- 
tions. The finned  store, on the other hand, was investigated z-L four 
chordwise positions, x = 21, 24, 27, and 30 inches,  through  the  range 
of  spanwise positions at only one vertical  height, z = 2.09 inches. The 
smaller values of z were precluded because of physical  fnterference of . 
the  fins  with  the wing. 

All t e s t s  were run with boundary-layer transition  fixed on a l l  sur- 
faces  as  described  in  reference 1. The angle of attack of the wing- 
fuselage combination with  the  store at z = 2.09 inches was varied from 
Oo t o  bo, w i t h  the  stores rercaining at a = Oo throughout. The relat ive 
accuracies of the  data i n  this  report   are  the sane as  those  l isted  in 
references 1 and 2. 



V 

The -iests were performed in   the La?lgley 4- by 4-foot  supersonic  pres- 
sure  tunnel at a Mach  number  of 1.6 corresponding t o  a Reynolds number per t 
foot  of 2.1: x 106. 

RESULTS AND DISCUSSION 

Basic Data 

Isolated store and wi;ag-fuselage data.- The forces and moments on the 
isolated  stores  are  gres'ented  in  figure 5. The data for  the  isolated heavy- 
bomber wing-fuselage  combination are presented i n  figure 6 (taken fronr 
refs  . 1 and 2) . 

Chordwise plots.- The basic data f o r  the  various  stores in  the  pres- 
ecce of the wing-fuselage  combination are presented ir- figures 7 t o  19 as 
plots of force  coefficieat qainst store chordwise position f o r  six span- 
wise stations. Corresponding force  data for the  wing-luselage combination 
in   the presence of these stores and f o r  the  conglete  (wing-fuselage-store) 
configuration  are  presented  in  figures X) t o  29. 

The store and wing-fuselage d-rag data 'have been corrected  to  cor- 
respond to a base pressure  equal  to  free-stream  static  pressure. The 
base-drag coefficients  for the stores  are  presented  separsltely  in  fig- 
ures 9 and 10. 

-1 

Tne data for  the  lazge  ogive-cylinder  store  are from references 1 

in this research program as  the  store fo r  which the  xost  detailed data 
were obtained. 

0. md 2 and are  repeated  in  the  present  report because this store was used 

D r a g ,  l i f t ,  pitching nioment,  yawing maent, and side  force f o r  the 
store, m-d drag, lift, and pitching mment Tor the wi-"fuselage  combina- 
tion  are  presented in the form of plots of coefficients  against  the chord- 
wise position of the store midpoint. Each figure  contains a sepmate 
plot  for each of six spanwise stations  (see Tig. 1) from ne= the wing 
root t o  beyond the wtng t i p .  Data are presented f o r  approximately half 
of the spanwise stations  (alternate values of x) for  which data are pre- 
sented in references 1 a?.?. 2. 

The curves for  each s t o r e  were faired o_n_ staggered chordwise plots 
as a farrdly" as described i n   d e t a i l  i n  reference 1 ard 2 in  order t o  
obtain a more accurate  line between test   points.  

11 
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Discuss  ion 

References 1, 2, and 3 have presented analyses  of the  data  for  the 
1 

heavy-borrber configuration w i t h  the  large  ogive-cylinder  store,  including 
contour mappicg of the  forces, and figures showfng the  contribution of 
configuration coxponents to  interferences and the  effect of  various param- 
e te rs  such as "gle of attack and store  vertical  height. Because the 
t e s t s  of the heavy-bomber configuration w i t h  stores of different  shapes 
and sizes were made w i t h  a s 0 m e w h . t  abbreviated  range of store  locations, 
no such analysis of the  data  presented  herein has been prepared. The 
enalysis  presented is  limited t o  some comparisons of the  forces on the 
various  stores  in the presence of the heavy-bomber configuration and of 
the  forces on the heavy-bomber configuration  in  the  presence of the var- 
ious  stores. Soze interpretation of t ne   r e su l t s   i n  terms  of the flow- 
field analysis and discussions from references 1, 2, and 3 is  included. 

- Drag.- Ffgure 7 shows t'nat, fo r  any given  store  position, the drag 
coefficient of the parabolic  store is less than that of the large  ogive- 
cylinder  store. The amount of the difference corresponds  roughly t o  the 
difference  in  the  interference-free  values of drag coefficient  for  these 
two stores  (see  f ig.  5 or  t i c s  on f ig .  7). The drag  coefficients  for 
the small ogive  cylinder, on the  other hand, a re   for  some positions 
higher and for  other  positions lower than  the  drag  of the large (geomet- 
r ica l ly  similar) ogive-cylinder  store.  Figure 8 shows that   the  drag of 
the ogive-cy1ir;der store  with  cylindrical  afterbody is, i n  general,  lower 
than that of the same store  w i t h  n o m 1  afterbody  for  the three s tore  
positions  tested. The amount of the  differences  varies  considerably from 
the  difference between the  interference-free  values of  drag for  tnese two 
stores  (see  fig. 5 o r  t i c s  on f i g .  8). .* 

a- 

The foregoing  interference  effects can be explained by  buoyancy 
considerations as shown in  reference 1. For example, figure 11 skows 
the drag curves for  y 2 7.8 from figures 7 and 8. Shown below these 
data are  scale  sketches of the  vmious  stores  in two chordwise positions 
i n  the flow f i e ld  of the wing. The flow f i e ld  of the w i n g  is divided 
into  regions of positive and negative  static  pressures  according t o  the 
measured vmiation of static  pressure  alocg  the  store  center  line shown 
in   the  curve below the  sketches. This informtion was taken from fig- 
ure 35 of reference 1. 

Examination of the  position of  the nose and afterbody  sectiona of 
the variolls stores fn the flow field of the w i n g  i n  figure 11 ( w i t h  
a t tent ion t o  the  rowh magnitude of the  pressures as well as to  the  sign) 
serves t o   e x p h i n  the dregs of the four   s tores   re la t ive  to   their   i solated 
d r a g s  at either value of x as well as the changes which occur between 
the two values  of x. 

I- 
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The drag of the  finned  store  (fig. 8) is considerably  higher  than 
tht of the  unfimxd  store,  principally as a result of f h  drag. 

In figures 20 and 21 in  the  region of the drag peak, the drag of 
the wing-fuselage  combination is shown t o  be generally  higher in the 
presence of the  large  ogive-cylinder s tore  than- in  the presence of the 
other stores. This result is due t o  the  greater  adverse  interference 
of this large  store.  In  the  region t o  tine rear of this peak, the wing- 
fuselage  drag is i n  some cases lower in   the  presence of the other  stores. 
This resul t  is due t o  the greater beneficial  interference o f  this large 
store. 

The fact   that  t'rze store or" smaller s ize  produced snd le r   i n t e r f e r -  
ence effects on the wing-fuselage  combination was noted  previously  for 
a small store in reference 4 md is explzined (from the  standpoint of 
the buoyancy concept  discussed in   re f .  1) by th fac t  that t h i s  store 
produces an interference  pressure  field which is of lesser  extent and 
intensity. The  same explanation  gpplies  to  the snaller interferences 
measured f o r  the  higher  fineness-ratio  (parabolic) store. 

The cbag of the wing-fuselage  combination Fs shown in  f igure 21 to  
be consistently lower in the  presence of the finned  store. The reasons 
for  this m e  not  understood at present. 

The t o t a l  drags of  the  wing-fuselage-store  configuration  are lower 
for   a l l   s tore   posi t ions  for   the  configurat ions which include  the stores 
of smaller  size  or  higher  ficeness r a t i o  than for  those which include 
the  basic,  large  ogive-cyliader  store  (fig. 22). This resul t  stems from 
the lower interfereme &rags produced and Lncurred by these  stores. 

The changes i n   t o t a l  d r a g  which occur with changes in store  position 
remain large and of similar magnitude, however, for  a l l  stores. Con- 
sequently,  the  total drag  of the wing-fuselege  combination w i t h  the smll 
ogive-cylinder store o r  the parabolic  store  in an unfavorable  location 
i n  many cases exceeded the   to t s1  drag of the  configurakion  with  the k g e  
ogive-cylinder  store i n  a fevorable  location. 

Lir"t.- Figures 12 and 13 show that only small diff'ereoces  exist 
i n  C L ~  for  the  three  large  (unfinned)  stores. The small ogive-cylinder 
store ma the  finned  store, however,  show very much higher  values of CLs 
f o r  some store  positions and generally  steeper  gradients w i t h  variations 
i n  x. These effects are the  result  of the f ac t  that the small store   or  
the fios of the finned store can be more completely  subnerged :n a regioo 
i n  which l i f t  is generated (due to  pressure  gradient  or f low fieviation 
or both) i n  one direction. The large  store, on the other hand, tends to 
extend  through  several  such  regions so thEt lower  peak values of l i f t  
coefficient,  result. T h i s  same effect  is noted in  references 3 and 4 for  

- 
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other   tes ts  of the small and large  ogive-cylinder  store. It w i l l  be noted 
tha t  at angles  of  attack  other  than  zero,  the  values of s tore  l i f t  pre- 
sented  represerrt  only  interference  values,  since the angle  of  attack of 
the  store remained a t  Oo. Tne store l i f t  due t o   s t o r e  angle of attack 
xust  also be considered i n  applying  these  data t o  conditions where the 
store  angle of ettack is a f i n i t e  value. 

The l i f t  o r  the wing-fuselage  coxbination i n  the presence of the 
various  stores is shown in   f igures  24 and 25, while  the  total lift of  
the  wing-fuselage-store  configuration is shown in  f igures 26 and 27. 
The effect  of the  four  large  stores on wing-fuselage lift i s  shown t o  be 
roughly conparable. The small ogive-cylinder  store, however, is shown 
t o  produce smaller  interference l i f t  on the wing-fuselage  combination a t  
inboasd store  posftions and slightly negative  interference l i f ts  a t  the 
outboard  positions. 

The effects  of the various  stores on the   t o t a l  l i f t  o f  the  configura- 
tion  also  follow  the  trends  outlined above for wing-fuselage l i f t  because 
the  variations of s tore  l i f t  we small compared to   those of the wing- 
J"l;selage conbination. 

Pitching moment.-  The s tore  pitchirig-mment data (figs.  14 and 15) 
show that tne  largest   vmiations  in  store  pitching monent aze obtained 
w i t h  the finned  store. The srtall ogive-cylinder  store  also  incurs  larger 
values of pitching-moment coefficient  than do the 'larger  (unfinned) stores 
for  soxe positions. Both effects  are  explained by the discussion of 
similes l i f t  resu l t s   in  the preceding  section. 

The pitching rroxents of the %ing-fuselage combination are seen in 
figures 28 and 2'3 t o  be not  materially  affected by store configuration. 

Side  force.-  Store  side  force is shown i n  references 2 and 3 t o  be 
generally the most important component  from the  standpoint of store- 
sv;F_Dort loads.  Figures 16 an6 17 show tha t  the side force  encountered 
by a store i s  greatly  affected by its size or i ts  use of f ins .  The large 
values of side  force  encomtered  for some positions by the m a l l  ogive- 
cylinder  store and by the finned  store are, as was discussed  for l i f t ,  
the resul-t of the sxbxergence of  the small store  or  f ins  in  regions of  
force  in  one direction. -ox an exmination of the side force on the 
f ln s  (the difference between the  curves  for  the  large  ogive-cylinder 
store wi t21  and without rim, f i g .  l7), it can be seen  that  the  regions 
of force i n  one direction are relat ively narrow and shazply  defined. The 
region of store Ir.id2oint locations  for  f in  forces toward t h e   t i p  is 
roug3ly tke region of tlne w i n g  plan form, while  the  regions of s tore  
ni&pcint  locations for fin  forces  toxard  the wing root  are  the  regions 
ahead of and behind the wing plan fom-. The largest  loads encountered 
ere in  the  direction of the t i p ,  even E t  a w i n g  angle of at tack of zero, 
end these loads become larger  as  the wing sngle of attack is increased 
and %he spanwise flow associated  with wing l i f t  increases. 
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Tie  fact  thEt  store l o d s  can  be greatly &I"ected by chsnges in 

ths t  c.=re must be used in estimating such loads,  particulaxly b- the use 
of data from a specwic  installation in the  calculation ol" loads fo r  a 
configuration eve= slightly different . 

b store  size,  eddition of t a i l  f ins ,  o r  changes in store  location  indicates 

The store yawing-mment coefficients for the  vaxious 
19) are presented  with  reference t o  the store Eose, 

and therefore  reflect  closely  the  store  side force. Tne discussion of 
store  side  force in the previous  section  therefore also applies, in gen- 
eral ,  t o  the yawing  rnonent. 

A wind-tunnel investigation a t  a k c h  number of 1.61 has bee= d e  
vherein  sepmate  forces and moments were measured OD a swept-wing hemy- 
bomber con-figurz.tion and OE stores of several shzpes md sizes f o r  a 
very wide range of store  positions. 1- limited analysis of the  resul ts  
indicates  the followi?.?. conclusions: 

(1) Tne drag of the mioils stores in  the  presence of the wing- 
fuselage  combhation Fs explarzled in a quElitative way by buoyacy con- 
siderations; that is, by consideration of the position of the nose and 

fuselage  combhation. 
- - afterbody portions of the  store in  the flow (press-me)  field of the w i n g -  

c (2) Tbe drag of t h e  wing-fuselage combimtLon in the f lov  f5el.d. of 
the  various  stores  appears t o  be similarly expkined by buoymcy consid- 
erations. The ioterference  drag is  lower in the  presence of %he smaller 
store end higher fineness-rztio  store  as a consequence of the  snaller or  
lower Utensity  pressure  fields which these  stores impose  upon the  ving- 
faselege combFnatioa. 

(3)  m e  t o t a l  drag of the complete (wing-fuselage-store)  configma- 
tic= vas lower wiYl the smll ogive-cylinder o r  the large parabolic  store 
than  with  the  large  ogive-cylinder  store for army given  store  position. 
Th.e effect  of store  position, hovever, remined  very  lmge for all stores; 
consequently,  the total   drag of the  configuration w i t h  a small stoze in 
an xnkvorable  location Fn ?zany cases exceeded the  total   drag of the con- 
figuretion with a lwge  store 2n a favor&ble  locatiorr. 

(4) 02 the  stores  investigated,  the small store and the  finned  store 
-1 encountered larger peak values of l i f t ,  side force, and drag coefficients 

azzd s teqer   var ia t ions or" these  coefficiects w t t h  changes in store 
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positior-. This is  a consequence of the  fact   that   the  s m l L  store or the 
f TIIS were nore completely submerged in  regions in  which the  interTerence 
force is in one direction. 
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Variables on Store Loads et Sirpersonic Speeds. NACA RM L55EO5, 1955. 

a 

4. Smith, NorImn F., & Caxlson, I3am-y W.: m e  Origin and Distribution 
of Supersonic Store  Interference From Measurement of individual 
Forces on Several Wing-Fuselage-Store Configurations. II1.- Swept- 
Wing Figkter-Eornber Configzation With Lerge and Shall Stores. Mach 
TTurnber , 1.61. NACA REI L55HO1, 1955. 
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Fuselwe : 
M a x i m u m  dimeter.  in . . . . . . . . . . . . . . . . . . . . .  2 . 750 
Maxim-m- frontal  area  (semicircle). sq ft . . . . . . . . . . .  0.0206 
Base dimeter .   in  . . . . . . . . . . . . . . . . . . . . . . .  1.372 
Base aree  (semicircle). sq Zt . . . . . . . . . . . . . . . .  0.0051 
Overell  length . . . . . . . . . . . . . . . . . . . . . . . .  35.75 
Yose fineness r a t i o  . . . . . . . . . . . . . . . . . . . . .  4.75 
Afterbody  Tineness r a t i o  . . . . . . . . . . . . . . . . . . .  3 
Overall  fineness  ratio . . . . . . . . . . . . . . . . . . . .  13 

Store : 
S x ~ 1 1  ogive Large ogive 

cylinder cylinder Parabolic 

Maximm diameter. i-n . . . . . . . . .  1.1 1-5 1-5  
M a x b z n  front&  area. sa_ ft . . . . .  0.0066 0.0123 0.0123 
Bzse ai-meter . . . . . . . . . . . .  0.704 0.96 0.96 . 
Base area. sa_ f t  . . . . . . . . . .  0.0027 0.005 0.. 005 
Overall length. i n  . . . . . . . . . .  8.8 12.0 12.0 
Nose fineness ratio . . . . . . . . .  3 3 5 
Afterbody fineness  ratio . . . . . .  1.82 1.82 3 
Overall  fineness ratFo . . . . . . .  8 8 8 

Wept wing: 
Semispan. ic . . . . . . . . . . . . . . . . . . . . . . .  
Mean eerod-ynanic cizorii. i n  . . . . . . . . . . . . . . . .  
Arez. semtsgan. sq f t  . . . . . . . . . . . . . . . . . .  
Suees (c/&). &eg . . . . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . .  
Center-1he chord. i n  . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . . . . . . . . . . . . . .  

. . .  12 . . .  6.580 . . .  0.500 . . .  45 . . .  4 . . .  0.3 . . .  9.23 
NACA 65~006 



I 

I-J 
o f  4 Componenl sTrain 9a9a balance and model center of &&tioN Iu 

hdary-byer by-pass 

- x ,  Chordwise posillons in inches -"-- 
- 12.00- --- 

It 
i \Chord plana 

Notes : 
' 1  "Ore position 1, Fuselage and afterbody 
in inches are oqlve bodles of revolullon. Center 

seclo6 arc cyllndrlcal 
2. A I I  dimens~on~ in inches. 

Wlnq dimensions 

Semi-span I2 

Aspect raiio 4 
Tapr ratlo 0.3 
4 Chord 9.23 
Section 65A-006 

sweep 0 45a 

Figure 1.- Layout of models showing  dimensions of components and ranges 
of store positions  investigated. 

1 ', 
" - 

. " 



L-87526 
Figure 2.- Photograph of  models and mounting plate.  Store shown is  large 

ogive-cylinder . (Transition  strips  not  shown. ) 
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Farabo'iic  Large Ogive- cylindrical  Large  ogive-cylinder h a l l  ogive- 
store  Cylinder Store afterbody store -,vitI. fins cylinder s-lore 

(references f o r  ogive- 
1 and 2 )  cylincier 

store 

L-89220 
Figure 3. - Photogreph of store models tested.  (Scale shown is i n  inches. ) 



Sect ion A-A 
(ell  corners rounded) 

Fi,we 4.- Details of Pins fo r  large ogive-cylinder store. All dimensions 
&re in inches. Fins were orienked at 45' f o r  all. t e s t s .  
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o Store  pitched  in  the  plane of the  normol-force  beam 
Store pitched  in  the  plane of the  side-force beam 

. 

Angle of attack, a, deg 

(a) Large and snail ogive-cylinder  stores. 

FigLre 5.- Lif't ,  drag, and pitching-moment  characteristics of the  isolated 
stores. 

.* 

.C 
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? 

0 Large parabolic store 

-2 0 2 4 6 8 

Angle of attack, a , deg 

(b) Large parabolic store. Store pitched in Fkne or" normal-force beams. 

Figure 5 .  - Continued. 



Angle of attack, a , deg 

(c)  -urge cgive-cylFn&er  stcre w i t h  fins. Store  gitched in plane of 
n o m l - f  orce beam. 

Figme 5.  - Contirxced . 
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Angle of attczk, a , deg 

(a) h r g e  ogive-cylinder store wikh cylir-drical  dterbody. Store pitched 
i n  p l a e  of nomd-force beams. 

Figme 5. - Conclxded. 
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Angle of attock,a, deg 

3 

..02 

-134 

4- c 
W 

P 
E 
t 
u 
n 

Figure 6 .- L i f t ,  drag, m d  pitching-mornen% characterist ics of isolated 
wing-fuselage combination (from refs. 1 a d  2). 



0 Large ogive-cylinder store 
0 Small o g i v e  c liider store 
o Large poradc store 

18 22 26 30 34 

21 

Chordwise position, x, in. 

" 

(a) z = 1.15 inches; a = Oo. 

w Figure 7.- Drag of stores of difrerent shapes and s i z e s  i n  presence of 
wing-fuselage cmbinztion. (Tick marks indicate  values of drag coef- 
f i c i en t  f o r  isolated  stores. See f i g .  2.)  
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+ c 
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-0 .I 
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I\IACA RM ~ 5 5 ~ 0 8  

o Large ogive-cylinder  store 

o Large paraid' store 
Small ogive c linder store 

" 

" 18 22 26 30 34 18 22 26 30 34 
Chcrdwise position, x, in 

(b) z = 2.09 inches; a, = 0 . 
Figure 7.- Continued. 

0 

" 
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o Large ogive-cylinder store u Smull ogive-c linder store o Large paradc store 

I8 22 26 30 34 18 22 26 30 34 
Chardwise position, x, in. 

(c) z = 2.09 inches; a = k0. 

Figure 7.- Concluaed. 
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2k 

o Large ogtvecylinder store 
A Large ogivecylinder store  with fins 
a Large ogive-cylinder store with cylindrical  afterbody 

Chardwise  position, x, in. 

(a)  2 = 1.15 inches; a = Oo. 

Figure 8.- D r a g  of large ogive-cylinder  store with various  afterbody 
cmfigwations  in  presence of wing-fuselage  combination. (- Tick mrks  
indicste  values or' drag coefr'icient f o r  isolated  stores.  See fig. 5 . )  

_LI 
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0 L a r g e  ogivecyhder 
A Large ogivecylinder 
n Large ogive-cylnck 

stare 
store with fins 
sim with cylindrical  afterbody 

.2 

.I 

0 

.4 

.3 

.2 

. I  

0 

Chordwise 

(b) z = 2.09 

positm, x, in. 

iaches ; a = Oo . 
Figure 8.- Continued. - 
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c Large ogive-cylmder store 
A Large ogivecylinder store with fins 
n Large ogwe-cyllnder store with cylindrical  afterbody 

P 

" 18 22 26 30 34 
Chardwise position, x, in. 

(c) z = 2.09 inches; a = bo. 

Figure 8.- Concluded. 

.. - 

.. 

.. 
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o Large ogrve-cylinder store 

0 Large  parabolc store 
E! Small ogive-cylinder store 

. I  

0 

-.I 

72  

2 

. I  

0 

-. I 

-. 2 

.2 

. I  

0 

-.I 

-. 2 
18 22 26 30 34 

Chadwise position, x, in. 

(a) z = 1.15 inches; a = 0'. 

Figure 9.- Base drag 02 stores of different shapes ssd sizes   in  presence 
of wing-fuselage cmbimtion. - 
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o Large oglue-cylinder store 
Small ogive-cylinder store 

0 Large parubollc  store 

. 

I8 22 26 30 34 
Chordwise 

18 22 26 30 34 
position, x, in. 

(b) z = 2.09 inches; a = Oo. 

Figure 9.- Continued. 
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0 

'0 
e 

- .I  9 

8 -.2 
p! 

.2 

.I 

o Large ogive-cylinder store 
0 Small ogwe-cylinder  store 
0 Large parabdlc store 

0 

-. I 

-. 2 
18 22 26 30 34 

Chcrdwise position, x, in. 

(c) z = 2.09 inches; a, = 4'. 

Figure 9.- Concluded. 
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0 Large ogive-cylinder stare 
A Large ogive-cylinder store  with fins 
c Large ogtve-cyllnder store with  cyllndrical  afterbody 

Chardwise position, x, in. 

(a) z = 1.15 inches; a = 0'. 

Figure 10.- Base drag of large ogive-cylinder  store  with various after- 
body cofligurations  in presence of wing-fuselage combination. - 

. 



18 22 26 30 34 
Chordwise position, x, in. 

(b) z = 2.09 inches; a = 0'. 

Figure 10. - Conkinued. 
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C Large ogive-cylinder 
A Large ogive-cylmder a Large ogive-cylinder 

Store 
store with fins 
store with cylindrical  afterbody 

Chardwise 

( c >  z = 2.09 

positioo, x, i n  

inches ; cc = 4'. 

Figure 10.- Concluded. 

. 

.. 
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o Large ogh-cylindw store 

n Large ogivecylinder stare 
with cylindricd aftabody 

o Large parabdic store 

Small ogive-cytider stwe 

Figure L1.- Comparison of drags of various stores in terns of effective- 
nressure field of the w i w  done. (Pressure-field infom-bion from 
re?. 1. Tick marks indicate  values of drzg coefficient f o r  isolated 
stores.  See f i g .  5.) " 
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0 Small o g i v e -  linder stws 
o Large ogive-cylinder store 
0 Large para&& store 

.4 

.2 

0 

-. 2 

-4 
18 22 26 30 34 

Chcrdwise position, x, in. 

(a) z = 1.15 inches; a = Oo. 

Figure 12.- L i r t  of stores of differext shases & sizes in presence of 
wing-fuselage combination. 

, .. 

.. 
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o Large ogive-cylinder store 

0 Lorqe parabolic store 
Small ogive-cylmder stwe 

Chdwise position, x, in. 

(b) z = 2.09 inches; a = 0'. 

Figwe 12. - Continued. 
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o Large  ogNe-cylinder  store 
0 Large parabdc store 
o Small ogle-cyllnder store 

9 

.2 

0 

-.2 f 

-4 

Chardwise position, x, in 

(c) z = 2.09 inches; a, = 4'. 

Figure 12.- Concluded. 

. 
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o Large og~ve-cylinder A Large ogtwqlinder 
n Large ogive-cylin& 

S k r e  * 
store with fns 
stare with cy!indrid dterbody 

.4 

.2 

0 

"2 

"4 

18 22 26 x) 34 18 22 26 30 34 
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6 

p 

.2 

0 

- 2  

.6 

1" 
0 - 9  

-& .2 

+ c 
P 
0 
.I- 

0 
0 

.I- 
+ 
= o  

5 
e! 

"2 

-9 

4 

.2 

0 

-2 

-.4 

c? Large  cqve-cylmder store 
A L a m  wive-cyhder 
o Large o$e-cyllnder 

18 22 26 30 34 
Chcrdwlse 

st& with fns 
store wlth cylindrical afterbody 

position, x, tn. 

(II) z = 2.09 inches; a = 0'. 

Figure 13. -  Continued. 
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+ c: 
0, 
Y 
.c 
.c aJ 
0 
0 

tl 

.2 

0 

-. 2 

-4 

C h m k i s e  positica, x, in 

(c) z = 2.09 inches; a = bo. 

Figure 13 . -  Concluded. 



c Large  ogive-cylinder store 

0 Large pnabdic store 
a Small ogive-cylinder store 

Chordwise position, x, in 

Figure 14.- Pitching  mmLent of stores of different shapes and sizes in 
presence of wing-fuselage  combination.  (Center of r:oments is store 
nose. ) 
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o Large oglve-cylinder stwe 
0 Large poradc store 
D Small 6give-c llnder store 

.2 

0 

-.2 

-4 

Chadwise position, x, in. 

(b) z = 2.09 inches; a = Oo. 

Figure 14. - Continued. 

41 

18 22 26 30 34 
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0 Large 

3 Large 
E Small 

9 

.2 

0 

-.2 

-9 

.4 

.2 

0 

-2 

- A  

18 22 26 30 3 4  
C h d l s e  

( c )  z = 2.09 

ogive-cylinder  store 
wive-c llnder  store 
parabdc store 

position, x, in 

.. 

._ 

c .. 
Figure 14. - Concluded. 



o Large ogive-cyllnder store 
A Large qive-qllnder store with fms 
n Large ogive-cyknder store with cylindrical afterbody 

I.. 

Chdwise positlcm, x, in. 

(E) z = 1.15 incks; a, = oO. 

.. 

. 1  

Figure 15.- Pitchiag moment of' large  ogive-cylhder store w i t h  various 
afterbody  conf'igurations in presence of wing-fusehge  combination. 
(Cen-Ler 02 moments is store nose. ) 
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o Large ogive-cylmder s m  
A Large OgiveCyrnder store  with  fms 
o Large ogne-cylmder store wlth cyllndrical afterbody 

’ ’  18 22 26 30 34 18 22 26 30 34 
Chwdwise posliim, x, in. 

(b) z = 2.09 inches; a, = Oo. 

Figure 15.- Continued. 
.. 
.. 



o Lorge ogivecylinder s b  
A Large oglve-cy!;nder store wifh fms 
CI Large ogivecyllnder stwe with  cy!indriml  afterbody 

Chcrdwise position, x, in 

( c )  z = 2.09 inches; a = 4'. 

Figure 15. - Concluded. 
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o Lorge  ogive-cyllndcr  store 

0 Large parabda store 
0 Small ogive-cylinder store 

Chcrdwise 

NACA RM L55LO8 

18 22 26 30 34 
positim, x, in. 

Figure 16.- Side force of stores of different shapes and s i zes  in pres- 
ence of wing-fuselage  combination. 
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o Large og;ve-cylin&r store 

0 hrge  para&& store 
o Small o g r e  lnder  stwe 

.4 

.2 

0 

-.2 

- 4  4 

(b) z = 2.09 inches; a = Oo. 

Figure 16. - Continued. 
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c Large ogive-cylmder store c Small agive-cylinder store C Large parabdlc store 

MACA RM ~ 5 5 ~ 0 8  

.. 
18 22  26 30 34 18 22  26 30 34 

Chadwise position, x, in. 

(c) z = 2.09 inches; CG = 4'. 

Figure 16.- Concluded. 
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* -  

.. 

o Large ogive-cylmnder store 
A L a r g e  og+cylinder’ store with fns 
n Large ogtve-cylinder store wlth cylmkicd offerbody 

.4 
0 
9’ 
- + E .2 

.c 
0 

B o  
a8 

c 8 
6 -2 .- In 

e! 
z -.4 
0 

4 

.2 

0 

-2 

-. 4 
18 22 26 30 34 

C h c d w i s e  position, x, in 

(a) z = 1.15 inches; a = Oo. 

Figwe 17.- Side  Torce 02 large ogive-cylinder store with various after- 
body conr’igurations in sresence of wing-fuselage conbiration. 
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4 

2 

0 

-2 

-4 

2 

o Large oglve-cylmder s b e  
A Large oglve-cylinder store  with fhs 
c Large ogtve-cyhnder store with  cyllndrlcal  ofterbcdy 

0 

-2 

- 4  

1 8  22 ~ 26 30 34 I8 22 26 30 34 
Chadwise position, x, in. 

(b) z = 2.09 inches; a, = 0'. 

Figure 17. - Continued. 
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18 22 26 30 4 
Chcrdwise position, x, in. 

(c) z = 2.09 inches; a = 4'. 

Figure 17.- Concluded. - 



o Large  ogwe-cylinder  store 

0 Large pgrabdc. store 
o Small @e-c lnder store 

Chdwise position, x, in. 

(a) z = 1.15 inches; a = Oo. 

F i v e  18.- YEwing rnomeEt  of stores of different shapes and s izes  in 
presence of wing-fusehge combination.  (Center of moments is store  
nose. ) . 



o Large ogrve-cylinder store 
o tmge parozc store 
0 Small ogre llnder store 

Chardwise position, x, in. 

(b) z = 2.09 inches; a = 0 . 
Figure 18. - Continued. 

0 



o Large  ogwe-cyllnder  store 

C, Large p a r W c  store 
c Small ogi c linder store 

WCA RM ~ 5 5 ~ 8  

c h a d w ~ s e  posltion, x, in. 

( c )  z = 2.09 inches; a = 4'. 

Figure 18.- Concluded. 
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" 

o Large oglve-cylinder store 
A Large og~vecyl~ncer store with fns 
CI Large ogwe-cylmder store with  cylindrical  afterbody 

J" f: 

+ e 
W 

LC 
LC 

:G .2 
aJ 
0 
0 

+ c o  
W 

CI, -.2 

n 
.- c s 

g .  -4 
a 

Chord.Nise position, x, in. 

(a) z = 1.15 inches; a = Oo. 

Figure 19.- Yawing  moment of large  ogive-cylinder  store  with  various 
eterbody col7figuratFons i n  presence of wips-fuselee  conbinatior,. 
(Center of moments is store nose. ) 



o Large oglve-cylmder store 
A Large cqlve-cyllnder store with fins 
G Large cgive-cylmder store wlth  cylindrical  afterbody 

I 

Chordwise positim, x, in. 

(b) z = 2.09 inches; a = 0 . 0 

F i w e  19. - Continzed. 
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c 

c Large 0giveCylinde.r store 
A Large cqive-cyiinder store with fins 
o Large ogtvecyllnder stwe  wlth cyhndrii dterbody 

n 

.8 

.6 

0 

18 22 26 30 34 
Chcrd+fise posit~cm, x, in. 

(c) z = 2.09 inches; a = 4'. 

Figure 19.- Concluded. 
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.040 

.036 

.o 3 2 

.02 8 

.024 

.020 

.O I 6 

.012 

.008 

.004 

0 

.040 i- I - 

'18 22 26 30 34 I6 22 2s 30 34 18 22 26 30 34 
Chadwise positioo, x, in. 

(a )  z = 1.15 inches; a = 00. 

Figure 20.- Drag of wing-fuselage  combination in  presence of stores of 
difI'erent s,ha?es and sizes.  (mag  coefficient of isolated wing- 
fuselage is  0.0213 at a = Oo and O.O3L-6 at a = 4'. See f ig .  6 . )  



In presence d: 
o Larg e  og:Ne-cyFnder store c! Small aqw In& store 
0 Large para& store 
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L 
0 
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'FI 
B 

.040 

.036 

.032 

.028 

.024 

.020 

.016 

.012 

.008 

.004 

0 

.040 

.036 

.032 

.02 8 

.024 

.020 

.OO 8 

.OO 4 

18 22 26 x) 34 

(b) z = 2.09 inches; a = Oo. 

Figure 20. - Continued. 
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.04 4 

.040 

.036 

.032 

.028 

024 

.o 20 

.o I €I 

01 2 

008 

.004 

0 

.036 
I z p .032 
5 

.028 

.020 

.016 

.012 

.008 

.004 

0 
18 22  26 X) 34 18 22 26 X) 34 

Chadwise posil~m, x, in 

( c )  z = 2.09 inches; a = bo. 

Figure x). - Concluded. 
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-. 

(a) z = 1.15 inches; a = 0'. 

Figure p7.- Drag of wm-fuselage conbination in presence of large  ogive- 
cylinder  store  with vaxious afterbody configurations. (Drag coef- 
f ic ien t  at isolated  wing-fuselage is O . O U 3  at a = Oo and 0.0346 
at a = 4'. See fig. 6 . )  - 
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In presence of: 
o Large ogw-cylmder store 
A Large o g l v e - c y l i n d e r  store witin fns 
c Lorqe oqtve-cyllnder store wlth cytindrical afterbody 

Chadwise positm, x, in' 

(b) z = 2.09 inches; a = 0'. 

Figure 21.- Continued. 

.. 
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.- 

I- 

IO 

.004 

0 
I 

18 22 i6 x) 34 18 22 26 x) 34 

Chadwise position, x, in 

z = 2.09 inches; a 

P i w e  21. - Conclude 

18 22 26 30 34 

= 4O. 

d. 
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o Large ogive-cylmder store Smoll cqive- lmder store o h g e  poradc store 

.040 

.036 

,032 

.028 

.02 4 

.020 

316 

.012 

.008 

.004 

0 

.040 

.036 

.032 

.02 8 

.024 

.020 

.O I6  

.012 

.008 

.004 

0 
chadw~se posiiim, x. in. 

(a) z = 1.15 inches; a = oO. 

Figure 22.- Total drag 03 wing-fuselage-store  combinatcon in presence 
of stores of different  shapes  and  sizes.  (Tick marks indicate sum 
of drags or' isolated  wing-luselage and. isolated  store, fror: figs. 5 
and 6 . )  . 
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.040 

.036 

.032 

.028 

.024 

.020 

.016 

.012 

-008 

.OO 4 

0 
18 22 26 30 3 

Chadwise positiar, x, in 
4 18 22 26 X) 34 

; = 2.09 inches; a = Oo. 

. w e  22. - Continued. 
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+ 
L .- c 
IC 
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.a44 

.040 

036 

.032 

.028 

024 

.020 

.016 

.o I 2 

.008 

.004 

0 1 8 2 2 2 6 3 0 3 4  18 22 a6 x) 34 I8 22  26 30 34 
chonfwise positim, x, in 

(c) z = 2.09 inches; a = bo. 

Figure 22. - Concluded. - 



.036 

.032 

.028 

.024 

.020 

.016 

.012 

.008 

-004 

0 

0 Large 
:E 

" 

Chudwise positm, x, in 

I- 

" 

(a) z = 1.13 inches; a = oO. 

Figure 23.- Total drag of wic4-fuselzge-store combination in presence 
of large  ogive-cylinder  store with vuious a;i"-Lerbody cozSigu-retions. 
(TFck Illarks indicate sum or" &rags of isolaked w i a g  fuselage and 
isolated store, fron figs. 5 md 6. ) 
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(b) z = 2.09 inches; a = Oo. 

Figure 23. - Continued. 
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-wise positim, x, in 

( c )  z = 2.09 inches; a = 4'. 

Figure 23.- Concluded. - 
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Figure 24.- Lift af wing-fuselage coabination in presence of stores of 
different  shapes and sizes. 
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Figure 24. - Continued. 



Chordwise position, x, in, 

(c) z = 2.09 inches; a = bo. 

Figme 24. - Concluded. 



In presence of: 
o Large ogive-cyiinder store 
A Large ogive-cylinder store with fins 
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(a) z = 1.15 inches; a = 0’. 

Figure 25.- Li2.i; of wing-fuselage combination in presence or’ le-rge ogive- 
cylinder store with various afterbody configurations. - 



In presence of: 
o Large ogive-cylinder store 
A Large cqive-cylinder store with fins 
n Large ogive-cylinder store with cylindrical  afterbody 

""Q18 22 26 30 34 18 22 26 X) 34 
Chordwise position, x, in. 

(b) z = 2.09 inches; a 5: Oo. 

Figure 25. - Continued. 
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\ 

( c )  z = 2.09 inches; a = 4.'. 
Figure 25.- Concluded. 
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(a) z = 1.15 inches; a = 0'. 

Figure 26.- Total lift of wing-fuselage-store combimtion  in presence of 
stores of different shaFes and sizes. 
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Figure 26.- Continced. 
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Figure 26. - Concluded. 
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position, x, in. 
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(a) '2 = 1.15 inches; a = Oo. 

Figure 27.- T o k l  lift of wLg-fusehge-store combination in presence of 
large ogive-cyllnder store w i t h  various afterbody co~~igurations. 



c Large ogive-cylinder store 
A Large ogive-cylinder store with fins 
a Large ogive-cylinder store  with  cylindrical afterbody 
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(a) z = 2.09 Inches; a, = 0'. 

Figure 27. - Continued, 
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Figure 27.- Concluded. 
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Figure 28.- Pitching  moment of wing-fuselage  combination in presence of 
stores of different shapes and sizes.  Center of moments is of 

w i n g .  
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In presence of: 
o Large  ogive-cylinder  store 

Small ogive-cylinder stcre 
0 Large parabdlc store 
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18 22 26 X) 34 
Chordwise position, x, in. 
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(b) z = 2.09 inches; a = Oo. 

Figure 28.- Continued. 
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In  presence of: 

o Large ogive-cylinder  store 
a Small ogive-cylinder  store 
0 Large parabdlc store 

Chordwise 

18 22 26 x> 34 

position, x, in. 

(c> z = 2.09 inches; a = 4O. 

Figure 28. - Concluded. 
-. 
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In presence of: 
o Large ogive-cylinder store 
A Large ogive-qlinder store with fins 
n Large ogive-cylinder store with cylindrical  afterbody 
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Figure 29.- Continued. 
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Figure 29.- Concluded. 
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